Abstract: Toluene is a neurotoxic organic solvent widely used in industry. Acute toluene administration in rats induced a significant increase in the numbers of neural cells immunostained for p75 NTR in several brainstem regions, such as the raphe magnus and the nucleus of the solitary tract, as well as in the lateral reticular, gigantocellular, vestibular and ventral cochlear nuclei, without any in the facial and spinal trigeminal nuclei and the dorsal horn of the spinal cord. These data suggest that p75 NTR could be involved in toluene-induced neurotoxic efffects in the rat brainstem.
Toluene is a neurotoxic organic solvent widely used in industry and as a drug of abuse by glue sniffers. It is detected in all brain areas after administration, with the highest concentrations in the brainstem 1) , and can generate neuropathological changes 2) , ataxia, ototoxicity, cardiorespiratory depression 3) and sleep apnea. Neurotrophins can induce both survival and cell death in the nervous system, acting through Trk family receptor tyrosin kinases and p75 NTR 4) . p75 NTR is involved in cell death pathways associated with central nervous system injury 5) and it has been demonstrated that overexpression of p75 NTR can induce apoptosis 6, 7) . Thus, a role for this receptor as a general mechanism in the modulation of stress signals in the nervous system has been proposed 8) . It has been described that toluene exposure in rats generates an increase in glial fibrillary acidic protein (GFAP) expression through astrocyte activation, thus suggesting a role of these cells in toluene-induced neurobehavioral changes 9) . Moreover, it has been demonstrated that toluene induces apoptosis via caspase pathway in cultured rat cortical astrocytes 10) . However, little is known concerning the effects of toluene exposure on p75 NTR expression. This being the case, we focused on analyzing regional p75 NTR immunostaining in the rat brainstem after toluene exposure.
The experimental animals, male Sprague-Dawley rats (3 months old), were carefully handled and all experiments were carried out in accordance with the law, avoiding animal suffering. Toluene with purity of 99% (Analytical reagent grade, Quimon Chem. Co., Spain) was used. Toluene was diluted with olive oil at a concentration of 1 ml/ml and administered intraperitoneally to the experimental group (n=6) at a dose of 1.3 ml/kg/day for 5 consecutive days. The selected dose was 1/2 of the LD 50 per day. The LD 50 in rats has been found in our laboratory to be 2.61 ± 0.41 ml/ kg/day, calculated by the Bliss method. The control group (n=6) was given 0.9% NaCl solution in the same volume and duration as the experimental group. Two hours after the last treatment, the animals were anaesthetized with Equithensin (2 ml/kg), an alcoholic solution of nembutal and chloral hydrate (Sigma-Aldrich Química S. A.), intraperitoneally and perfused transcardially under deep anaesthesia with saline plus 50 mM phosphate buffer, pH 7.4, followed by 4% paraformaldehyde (Sigma-Aldrich Química S. A.). The brainstems were removed, cut in two pieces and then immersed in the same fixative medium overnight.
They were stored for 2 d in 0.1 M phosphate buffer containing 30% sucrose at 4°C. Fifty-micrometer-thick sections were cut using a cryostatic microtome (Cryocut 3.000, Leica España, Barcelona, Spain) with an stereotaxic atlas guide. Following reduction of endogenous peroxidases with 1% hydrogen peroxide (Sigma-Aldrich Química S. A.) and blocking of nonspecific background staining with 5% normal rabbit serum (NRS) (Sigma-Aldrich Química S. A.), the sections were incubated with the following immunoreagents: 1) primary antiserum: goat anti-p75 NTR (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA), a commercially obtained polyclonal antibody raised in goats (dilution 1:1.000); 2) biotinylated rabbit anti-goat immunoglobulin: rabbit antigoat biotinylated (Chemicon International Inc.), dilution 1:200; 3) avidin-peroxidase complex: strept ABC complex HRP (Dako A/S, Glostrup, Denmark), dilution 1:300; and 4) chromogen: 3, 3'-diaminobenzidine (Sigma-Aldrich Química S. A.), 0.3 mg/ ml in 0.2 M Tris HCl buffer containing 0.03% hydrogen peroxide. Each step was followed by an appropiate wash per triplicate in phosphate buffer saline and 0.3% Triton X-100 (Sigma-Aldrich Química S. A.). Sections were examined with an Olympus BX50F optic microscope (Olympus Optical Co. Ltd., Japan).
A Leica image analysis system (Quantimet 500 MC, Leica España S.A., Barcelona, Spain) was used to valorize the density of positively stained neural cells. The results obtained were referred as the numbers of neural cells/mm 2 positively immunostained for p75 NTR , in treated animals and controls (mean ± S.E.M.). Differences between means were calculated by the Student's t test. Statistically significant differences were considered at p<0.01.
Utilization of a specific polyclonal antibody against p75 NTR showed abundant positively stained neural cells widely extended through the brainstem. An increase in the density of neural cells inmunostained for p75 NTR in the raphe magnus and the nucleus of the solitary tract, as well as in the lateral reticular, gigantocellular, vestibular and ventral cochlear nuclei, without changes in the facial and spinal trigeminal nuclei, and the dorsal horn of the spinal cord, was found in toluene-traeted rats, with respect to controls (Figs. 1, 2) .
Reciprocal functional interactions between Trk family receptor tyrosin kinases and p75 NTR have been reported 11) , leading to different signalling that can activate opposing cellular mechanisms, such as survival or apoptosis 12) . Toluene alters membrane fluidity, leading to changes in receptor characteristics and transduction mechanisms 13) and it has been described that membrane lipid composition can alter dimerization and signalling of neurotrophin receptors 14) . Accordingly, in the results here reported, a significant increase in the numbers of neural cells positively immunostained for p75 NTR in several brainstem regions was observed, suggesting the possible involvement of p75 NTR -induced apoptosis in toluene neurotoxicity at this level, where the highest concentrations of this toxicant are present 1) . Thus, although a direct action on glial cells 15) , with astrocyte activation 9) , has been proposed as a neural substrate for toluene-induced neurobehavioral changes in rats, it has been recently shown that toluene can induce apoptosis via caspase pathway in cultured rat cortical astrocytes 10) . Accordingly, in this work, although cell fragmentation with signs of nuclear alteration, indicating cell death, was observed, changes in shape and size, surrounded by a non stained region, were also appreciated in scattered neural cells after toluene treatment, suggesting apoptosis.
Several brainstem regions, such as the nucleus of the solitary tract 16) , and the lateral reticular nuclei, are involved in the regulation of cardiorespiratory function. Gigantocellular reticular nucleus is also involved in inhibitory respiratory and cardiovascular reflexes and receives synaptic inputs from raphe magnus, that plays a physiological role in pain modulation and the regulation of baroreceptormediated reflexes during the respiratory cycle, thus contributing to the coordination of the respiratory and cardiovascular systems. Toluene can cause cardiorespiratory depression in patients with volatile substance abuse syndrome 3) , and brainstem opioid system alteration observed after high-dose acute toluene exposure in rats has been suggested as a possible mechanism for cardiorespiratory depression 17, 18) . However, due to the fact that p75 NTR can induce apoptosis 6, 7) , it can not be discarded that the tolueneinduced increase in the density of neural cells inmunostained for p75 NTR in the raphe magnus and the tractus solitarius, lateral reticular and gigantocellular nuclei, here reported, could be involved in toluene neurotoxicity at the brainstem level. Consequently, p75
NTR -induced apoptosis in theses regions could be a neuropathological substrate for the frequently observed cardiorespiratory depression in glue sniffers and organic-solvent-exposed workers.
Finally, it has been demonstrated that toluene exposure alters auditory function in rats 19) and accordingly, in this NTR in the vestibular and cochlear nuclei was found in toluene-treated rats, with respect to controls. These changes could be an adaptative response of the central auditory pathway against toluene-induced cochlear damage.
Taken together, these results suggest that p75 NTR is involved in brainstem toluene neurotoxicity. Further studies focusing on description of possible alterations in neurotrophin receptor expression after toluene exposure are needed to clarify the role of neurotrophins in organic solvent-induced neurophathological changes.
